Introduction
Portable analytical instruments are important in many fields, such as environmental and clinical. Because samples in those fields are likely to change their properties, their analytical results should be obtained as soon as possible. If a portable instrument is used, the analysis can be done where the samples are taken.
Colorimeter-equipped light-emitting diodes (LEDs) as a light source compose one of such instruments. Actually, portable and battery-operated colorimeters are commercially available. 1 Many researchers have developed LED-based systems not only for colorimeters, 2, 3 but also for the detectors of FIA [4] [5] [6] and CE, 7 or fiber-optic sensors (optodes). 8, 9 In this work, we have developed a portable colorimeter that is compact and light (100 × 70 × 50 mm in dimension and 280 g in mass). This colorimeter has a three-emitter LED (RGB, red, green and blue) as a light source and can measure the absorbance corresponding to each emitter, sequentially. Signal separation was done by a time-division technique that was widely used. 2, 6, 8, 9 At first, the performance of the colorimeter was checked with several color dyes. After that, it was successfully applied to the on-site determination of nitrogen as nitrite in river-water, 10 and the on-site determination of iron in river-water with the on-site extraction method using methylisobutylketone (MIBK).
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Experimental
Electronics and optics
A block diagram of the colorimeter is shown in Fig. 1 A portable colorimeter using a red-green-blue light-emitting diode as a light source has been developed. An embedded controller sequentially turns emitters on and off, and acquires the signals detected by two photo diodes synchronized with their blinking. The controller calculates the absorbance and displays it on a liquid-crystal display. The whole system, including a 006P dry cell, is contained in a 100 × 70 × 50 mm aluminum case and its mass is 280 g. This colorimeter was successfully applied to the on-site determination of nitrite and iron in river-water. was put behind a cell holder to detect the absorption by the sample solution, and another was put on the LED to correct for any fluctuation of the emission strength. The signals detected and amplified by operational amplifiers (New Japan Radio NJM2119D) were acquired by the controller through an analog-to-digital converter (A/D, Microchip MCP3204, 12 bit, 4 channels) synchronized with the blinking of emitters. The absorbance corresponding to each emitter was calculated, and was then displayed on a liquid-crystal display (LCD, Sunlike SC1602BS-B, 16 characters × 2 lines).
Software
The software for the controller was written in Gnu C Compiler version 2.7.2.3 for H8 controllers running on the Linux.
Reagents and samples
All of the reagents used were of analytical grade. Deionized and distilled water was used throughout all of the experiments.
For nitrite determination, 10 a sulfanilamide solution (1%) was prepared by dissolving it with 10% hydrochloric acid. A naphthylethylenediamine solution (0.1%) was prepared by dissolving it with water. River-water samples were collected from Fuefuki River and Nigori River, which flow in the south part of Kofu City, Yamanashi Prefecture, and were subjected to analysis without any processing.
For iron determination, 12 a chelating reagent solution was prepared according to the following composition: 2.5 mmol dm -3 1,10-phenanthroline-1.0 mol dm -3 sodium thiocyanate-0.1 mol dm -3 hydrochloric acid. The samples were collected from Ai River, which flows in the north part of Kofu City. Three measurement points were selected, and were Fudo Bridge, Misaki Bridge, and Naka Bridge, respectively. Just after collection, they were filtrated with membrane filters (Advantec, LABODISC, 50CP045AN, pore size 0.45 µm) and acidified by hydrochloric acid to 0.1 mol dm -3 .
Procedures
On-site determination of nitrogen as nitrite. Basically, a previously described method was used. 10 In a 20-cm 3 test tube with a ground-glass stopper, 10 cm 3 of a river-water sample containing less than 150 µgN dm -3 nitrite was taken. Then, 1 cm 3 of 1% sulfanilamide was added and the tube was shaken. After 3 min, 1 cm 3 of 0.1% naphthylethylenediamine was added and left for 20 min to produce a pinkish dye. The absorbance at 525 nm (Green emitter) was measured. In the previous work, measurement wavelength was 550 nm, because LEDs used were different. On-site determination of iron with on-site extraction. The procedure was described in detail elsewhere. 12 To 20 cm 3 of a sample in a glass vial, 2 cm 3 each of a chelating reagent solution and MIBK as extracting solvent was added and shaken. After obtaining a transparent MIBK phase, it was absorbed by a suction column filled with acrylic fibers. The extract was then ejected to a semi-micro glass cell by a micro-pipette. A dedicated holder was used to secure the position between the column and the vial or the cell during suction and ejection for easy operation in the field. The absorbance was measured at 525 nm against the MIBK reagent. For simplicity, a 2-point calibration (0 and 0.4 µg iron) was used.
Other apparatus
For a comparative study, a conventional double-beam spectrophotometer (Shimadzu UV-200S) and a flame atomicabsorption spectrometer (FAAS, Hitachi 180-30) were used. The conditions for the latter were described elsewhere. 12 
Results and Discussion
Performance evaluation with color dyes
The performance of the colorimeter was validated with 3-color dye solutions, such as Methylene Blue (MB), phloxine B (PhB), and Methyl Orange (MO) for a red, a green, and a blue emitter, respectively. The formula of the obtained calibration . These results were compared with a double-beam spectrophotometer. The slopes of the curves obtained by the colorimeter were smaller and the linear ranges were narrower than the spectrophotometer. These are because the spectral bandwidths of the emitters are relatively wide, and the effect of stray light is large. The relative standard deviations of the measured absorbance were less than 4% (n = 7), and we judged that it has enough performance for real applications.
Determination of nitrogen as nitrite in river-water samples
The calibration curves obtained with this colorimeter and the conventional spectrophotometer were Abs = 2.70 × 10 [N/µg dm -3 ] + 4.8 × 10 -3 , r = 0.9998, respectively. The relative standard deviation was less than 1% and the limit of detection was 0.7 µgN dm -3 , which is calculated from 3σ of the blank (n = 4). Although the slope of the calibration curve with the colorimeter was smaller than that of the spectrophotometer, the colorimeter had sufficient sensitivity for the determination of real samples. At first, the accuracy of the determination of nitrogen as nitrite in real samples by the colorimeter was checked by a comparison with those by the spectrophotometer. Then, an on-site analysis by the colorimeter was performed and its results were compared with the results by the spectrophotometer after samples being brought back to our laboratory within 3 h. These results are listed in Table 1 . They were in good agreement with each other.
Determination of iron in river-water samples with on-site extraction
The equation obtained by a 2-point calibration was Abs = (0.221 ± 0.036)[Fe/µg] + (0.004 ± 0.001) (n = 8). The limit of detection was 0.7 µgFe dm -3 (3σ of blank). According to the literature, 11 the interferences of V(V), Ni(II), Cu(II), and W(VI) were serious. However, it was found that they did not interfere up to 2.5-times the iron concentration.
Because their concentrations in natural fresh water are generally less than that of iron, and are below 10 µg dm -3 , there is no problem to apply this method to the determination of iron in river-water samples. The results of on-site determination are listed in Table 2 . The concentrations of iron were found to be increasing from the upper to lower stream, which might be due to wastewater. Because the concentrations of Fudo Bridge and Misaki Bridge samples were below the detection limit of FAAS, the results could not be compared. On the other hand, the discrepancy of the results from Naka Bridge was fairy large. The sample after leaving for 24 h at 5˚C was determined by both methods and the results were compared again. It was found that they were almost in agreement with each other. From this fact, it was assumed that about 40% of the iron in the sample from Naka Bridge was contained in fine particles smaller than 0.45 µm, and they gradually dissolved upon standing in a 0.1 mol dm -3 acid solution for 24 h. We think that this is not a fault, but is useful for speciation.
Conclusions
A portable colorimeter using an RGB LED as a light source has been developed. It was successfully applied to the on-site determination of nitrogen as nitrite and iron in river-water samples. Since it is portable and not so very expensive, it would be suitable not only for the on-site analysis of various samples, but also for education, such as student experiments or environmental education. 
